Rsv1, a single dominant resistance gene in soybean PI 96983 (Rsv1), confers extreme resistance against all known American strains of Soybean mosaic virus (SMV), except G7 and G7d. SMV-G7 provokes a lethal systemic hypersensitive response (LSHR), whereas SMV-G7d, an experimentally evolved variant of SMV-G7, induces systemic mosaic. To identify the elicitor of Rsv1-mediated LSHR, chimeras were constructed by exchanging fragments between the molecularly cloned SMV-G7 (pSMV-G7) and SMV-G7d (pSMV-G7d), and their elicitor functions were assessed on PI 96983 (Rsv1). pSMV-G7-derived chimeras containing only P3 of SMV-G7d lost the elicitor function, while the reciprocal chimera of pSMV-G7d gained the function. 
Plants have evolved surveillance mechanisms to recognize invading pathogenic intruders, including viruses, and initiate defense responses. One such detection mechanism involves resistance (R) genes (61) . R-mediated recognition of a pathogen is conditioned through matched specificity between products of an R gene and a pathogen avirulence (Avr) gene, which is achieved by either direct or indirect interactions (8, 18, 25) . Following the recognition, host defense responses are triggered, resulting in suppression of the invading pathogen and its confinement to the point of entry (32) . On their part, plant pathogens have evolved different means to evade R-mediated recognition or suppress the resistance response. Bacteria and fungi introduce diverse mutations into their Avr genes, including point mutations, insertions, and even deletions (3, 34, 47, 60, 65) . However, due to multifunctionality of viral genes, minor modification of Avr genes is the only affordable mechanism of evasion by plant viruses (7, 16, 26, 40, 41, 50, 53, 66) . Thus, in a plant genotype harboring an R gene against a plant virus, the elicitation of R-mediated defense responses is dependent upon the elicitor function of the invading virus. Rdependent elicitor function for a number of plant viral genes has been established (12) . However, the underlying mechanism of evasion of R-mediated recognition by viruses has not been elucidated, and it is not known whether it is an active or a passive process.
Phenotypically, R-mediated defense responses against a virus harboring a complementary Avr gene consist of either extreme resistance (ER) or a hypersensitive response (HR) (33) , both of which are considered the consequence of the same defense response (5) . The arrest of an avirulent virus in ERexpressing tissues is not associated with any visible symptoms or virus accumulation (5, 28) . However, in HR-expressing tissues, the arrest is associated with rapid, localized death of infected and neighboring cells; induction of a variety of defense-related genes including pathogenesis-related (PR) proteins; and a wide range of physiological changes (32) .
Perturbation of Avr or R genes (15, 20, 41) , graft inoculation instead of mechanical inoculation (6, 28, 69, 72) , change in genetic background of the R gene-carrying plant (45) , heterozygosity rather than homozygosity of the R-genotype plant (10, 52, 56) , prevention of salicylic acid accumulation in the R-genotype plant (19, 42) , or temperature shift (30, 70) can result in virus escape to distant tissues, provoking systemic HR (SHR) in resistant genotypes. Occasionally, SHR will result in the death of the infected plant, a condition termed lethal SHR (LSHR) (28, 29) . Elicitation of SHR, instead of localized HR, is not unique to the interactions involving avirulent viruses and resistant plants. Interactions of specific plant fungal and bacterial pathogens harboring Avr genes with their matching R genes also are known to trigger "trailing HR" (24, 38) . Furthermore, transient expression of fungal and bacterial Avr genes via a heterologous system (i.e., virus-based expression vector) can elicit SHR instead of localized HR (9, 31, 39, 46, 64) . In any case, elicitation of SHR, instead of localized HR, represents a failure of R-mediated defense responses of a host to confine the invading virus to its entry points. Currently, the underlying molecular and biochemical mechanisms leading to SHR are not understood. Culver et al. (15) have suggested that SHR is indicative of "weak elicitor" function of an Avr gene, and Dinesh-Kumar et al. (20) have postulated that SHR is a consequence of delayed occurrence of biochemical and physiological events that are associated with localized HR.
Rsv1, a genetically mapped single dominant gene in soybean line PI 96983 (Rsv1) (71) , confers ER against all naturally occurring American strains of Soybean mosaic virus (SMV), including those in groups G1 to G6 and C14, but not G7, when leaf tissues are challenged by mechanical inoculation (11, 48) . However, an isolate belonging to the G2 group of SMV strains (11), SMV-N (68), has the potential to induce Rsv1-mediated restricted SHR when the virus is introduced continuously into Rsv1-bearing scions from infected rootstocks (28) . SMV-G7 overcomes Rsv1-mediated ER and spreads systemically in infected PI 96983 (Rsv1) tissues, where it provokes SHR, which eventually progresses to LSHR (28, 29) . Induction of LSHR by pSMV-G7 is consistently associated with up regulation of a soybean PR-1 gene transcript (28, 29) , which is considered a universal molecular marker of HR (17) .
Based on our previous finding that an isolate of a G2 group of SMV strains, SMV-N, can induce both ER and restricted SHR in Rsv1-genotype soybean and assuming that Rsv1-mediated resistance against all avirulent strains of SMV operates via a common resistance mechanism, we proposed that Rsv1-mediated resistance operates based on two-tiered mechanisms of resistance (28) . Primary resistance or ER, which is operational at the point of inoculation, is HR independent. Secondary resistance (HR mediated) activates when the primary tier of resistance is bypassed and the HR elicitor is allowed to accumulate. The two-tiered mechanism of resistance is not unique to Rsv1. Rx-mediated resistance in potato against specific Potato virus X (PVX) strains containing the matching Avr gene also involves a two-tiered defense mechanism, ER and HR (5) . Furthermore, in the case of the Rx-PVX pathosystem, the coat protein (CP) is the elicitor of both phenotypes (4, 5) and Rx controls the separate expression of ER and HR (5). (B) Schematic representation of chimeric viruses constructed by exchanging fragments between pSMV-G7 (G7) and pSMV-G7d (G7d) utilizing the single restriction sites KpnI (Kp), SpeI (Sp), SalI (Sa), StuI (St), and ApaI (Ap) common between the two viruses. For construction of G7/G7d and G7d/G7 , the unique restriction site NotI located 669 nucleotides upstream of SMV sequences within vector sequences (data not shown) and the KpnI site were utilized. (C) Detection of progenies of the chimeric viruses in infected PI 96983 (Rsv1) soybean plants by slot blot hybridization. Following inoculation, plants were maintained in a growth chamber (20°C) until a leaflet from trifoliolates 3 and 4 of infected plants was collected 4 weeks postinoculation. Samples from corresponding trifoliolate leaflets of four independent replicate plants were combined; total RNA was isolated and denatured, and 10 g was slot blotted onto a membrane and hybridized with 32 Rsv1-mediated resistance shares a number of superficial similarities to that of Rx (28) . Thus, we have hypothesized that the SMV-N elicitor of ER and that of restricted SHR are the same SMV gene and that the corresponding region of SMV-G7, albeit modified, is also the elicitor of Rsv1-mediated LSHR.
To facilitate identification of the SMV-N elicitor of Rsv1-mediated ER and restricted SHR, we have focused on identification of the SMV-G7 elicitor of Rsv1-mediated LSHR as the initial step. This is mainly because, unlike SMV-N, which does not infect Rsv1-soybean genotype by mechanical inoculation (28) , SMV-G7 readily infects this genotype (11, 28, 48) . To achieve this goal, we have generated an experimentally evolved variant of SMV-G7 (SMV-G7d), which, unlike its progenitor, SMV-G7, induces mosaic in the context of Rsv1-genotype soybean plants (29) . Hence, it bypasses both ER and HR tiers of Rsv1-mediated defense responses, as its replication in PI 96983 (Rsv1) is not associated with PR-1 gene transcript up regulation (29) . Thus, pSMV-G7d has acquired the capability to evade Rsv1-mediated recognition.
The molecular characteristics of an infectious clone of SMVG7d (pSMV-G7d) and its progenitor, an infectious clone of SMV-G7 (pSMV-G7), were reported earlier (29) . The genome of pSMV-G7d differs from its progenitor (pSMV-G7) genome by 17 substitutions, of which 10 are translationally silent. The seven amino acid substitutions in deduced sequences of pSMV-G7d differ from that of pSMV-G7 by one each in P1 proteinase, helper component-proteinase (HC-Pro), and CP, respectively, and by four in P3 (29) . In this paper, we demonstrate that loss and gains of the elicitor function of the two strains provoking Rsv1-mediated LSHR are encoded in the P3 gene sequences, and we identify the causal residues involved.
MATERIALS AND METHODS
Virus strains, soybean genotypes, inoculation, and SMV detection. Plasmids containing infectious full-length cDNA clones of SMV-G7 (pSMV-G7) and SMV-G7d (pSMV-G7d) (29) served as the virus sources. Unless otherwise stated, both plasmids were propagated in ElectroMax DH5␣-E cells (Invitrogen) and purified using the QiaPrep Spin MiniPrep kit (Qiagen). The soybean (Glycine max) cultivar Williams 82 (rsv1) and line PI 96983 (Rsv1) were used in this study (28, 29) . All the seeds were obtained from virus-indexed greenhouse-grown plants. To establish infection, plasmid DNA was bombarded onto hypocotyles of the soybean PI 96983 (Rsv1) by biolistic delivery (29) . Infectious sap from the infected PI 96983 (Rsv1) was used to mechanically inoculate the carborundumdusted (600-mesh) soybeans (28) . The inoculated plants were maintained in a growth chamber operating at 20°C with a photoperiod of 18 h. The presence of SMV in the inoculated soybean leaf tissues was confirmed by squash immunoblotting (28) .
Construction of artificial chimeras. Chimera viruses were constructed by exchanging DNA fragments between pSMV-G7 and pSMV-G7d, taking advantage of single restriction sites common to the two viruses (Fig. 1) . The pSMV-G7 and pSMV-G7d plasmids propagated in ElectroMax DH5␣-E cells were found to be insensitive to digestion with StuI located at position 5793 of the genome (Fig. 1) . To obtain StuI-sensitive templates, Escherichia coli strain GM2163 (New England Biolabs) was transformed with pSMV-G7 or pSMV-G7d, and the plasmids were purified as described above. To exchange DNA fragments representing nucleotides 1 to 2337 of each genome, the KpnI site ( Fig. 1 ) and a NotI site located 699 nucleotides upstream of the viral genome were used. ElectroMax DH5␣-E cells were transformed by electroporation with a MicroPulser (Bio-Rad Laboratories). Positive transformants were identified by a PCR-based screening method with SMV-specific primers for the exchanged genomic fragments. The recombinant plasmids were purified as described above, and their identities were further confirmed by sequencing of two regions: one representing the recipient virus and the other representing the exchanged genomic fragment from the donor virus. The chimera viruses were tested for infectivity on PI 96983 (Rsv1) by biolistic delivery (29) .
Site-directed mutagenesis of P3. To introduce reciprocal point mutations into the P3 regions of pSMV-G7 and pSMV-G7d by site-directed mutagenesis, the megaprimer PCR-based mutagenesis method (59) was used. To generate pSMV-G7-derived site-directed mutants, the targeted P3 regions were PCR amplified in the presence of pSMV-G7 with antisense mutagenic primers G7d-2607a, G7d-2889a, G7d-3008a, G7-2608a1, and G7-2608a2 and the forward primer 2276s or 2289s ( Table 1) . Each of the mutagenized amplified PCR products was gel purified and then used as a forward megaprimer in the presence of pSMV-G7 together with primer 3263a (Table 1) , in order to PCR amplify the mutagenized P3 fragment. The mutagenized fragment was subsequently gel purified, digested with KpnI and SpeI, and ligated into similarly digested sites of pSMV-G7. The pSMV-G7d-derived site-directed mutants were generated as described above, except that antisense primers G7-2602a, G7-2878a, G7-2997a, G7-2507a, and G7-2621a were used as the mutagenic primers (Table 1) , and pSMV-G7d served as a template. The final PCR products were digested as described above and ligated into similarly digested sites of pSMV-G7d. To generate mutant viruses harboring two point mutations, an already constructed site-directed mutant virus containing a single point mutation served as a template in a PCR along with a desired mutagenic primer as a reverse primer (Table 1) in order to introduce the second point mutation. ElectroMax DH5␣-E cells were transformed with the ligation mixtures, and positive transformants were identified by PCR amplification of the exchanged fragment with SMV-specific primers flanking regions of the mutation sites. The plasmids were purified as described above, and to ensure the absence of any unwanted PCR-generated mutations in the amplified fragment, the entire PCR-amplified sequences corresponding to nucleotides 2337 to 3236 of each of the mutant viruses were determined. The site-directed mutant viruses were subsequently tested for infectivity on PI 96983 (Rsv1) by biolistic delivery (29) . leaf tissues kept at Ϫ85°C. The isolated RNAs, however, were not efficiently transcribed by using SuperScript reverse transcriptase (RT) (Invitrogen); thus, they were further purified using an RNeasy Plant minikit (Qiagen). The genomic regions of progeny viruses derived from each of the chimeras or site-directed mutants were reverse transcribed in the presence of antisense SMV-specific primers. To confirm the identity of the progeny viruses as chimeras, two different regions, one representing the recipient strain and the other representing the genomic fragment from the donor strain, were RT-PCR amplified using SMVspecific primers. RT-PCR amplification of progeny viruses derived from sitedirected mutants targeted the mutated site flanked by surrounding sequences. Occasionally, another pair of nested PCR primers was used to reamplify the PCR products. The PCR products were eventually purified by using a QIAquick PCR purification kit (Qiagen) and directly sequenced using SMV-specific primers. Sequencing was done at the Iowa State University DNA Sequencing and Synthesis Facility. The sequences were edited by Factura (Applied Biosystems) and analyzed by using Autoassembler software (Applied Biosystems).
Probes and slot blot hybridization. A cloned fragment of a soybean PR-1 protein gene (GenBank accession no. AI 930866) was PCR amplified with vector-specific T7 and T3 primers, gel purified, and reamplified in the presence of [ 32 P]dCTP to generate a cDNA-labeled probe (28) . A probe against soybean 18S rRNA (21) was synthesized with a random-primed DNA labeling kit (Life Technologies) according to the manufacturer's instructions. The SMV probe was PCR synthesized in the presence of [
32 P]dCTP with SMV-specific primers and supercoiled plasmid pSMV-G7d as described previously (29) . The PCR-amplified SMV sequences used as probes were identical between pSMV-G7 and pSMVG7d (29) . Unincorporated nucleotides were removed using Probe Quant G-50 Microcolumns (Pharmacia, Piscataway, N.J.). RNA denaturation, slot blot hybridization, and detection of hybridization signals were performed as described previously (29) . Images were reformatted for publication with Adobe PhotoShop (Adobe Systems, San Jose, Calif.).
RESULTS
Ability of the chimeric viruses to provoke Rsv1-mediated LSHR. SMV is a single-stranded positive-sense RNA virus belonging to the virus family Potyviridae. Its genome is 9,588 nucleotides long and encodes a single polypeptide, which is proteolytically cleaved by three virus-encoded proteases to produce eight to nine mature proteins (35) . The construction of pSMV-G7-and pSMV-G7d-derived chimeras resulted in the exchange of 9,318 of 9,588 nucleotides in each genome (Fig. 1B) . The remaining genomic region (nucleotides 9319 to 9588) is identical between the two viruses (29) . Symptoms induced in Willams 82 (rsv1) by all chimeric viruses were indistinguishable from those induced by each other as well as from those induced by the parental viruses (29) and were characterized by very mild mosaic, mild leaf distortion, and no visible necrosis (data not shown). All the chimeric viruses, similarly to their parents, infected PI 96983 (Rsv1) soybean plants ( Fig. 1C and D) , and the identities of all the chimeras in infected PI 96983 (Rsv1) leaf tissues were confirmed by sequencing of two regions of RT-PCR-derived product, one representing the recipient strain and the other representing the genomic fragment from the donor strain, from the progeny viruses.
The chimeras displayed different phenotypes on PI 96983 (Rsv1) (Fig. 2) . The symptoms induced by pSMV-G7/pSMVG7d (5793-9319) appeared with some delay compared to those induced by pSMV-G7; however, 6 to 8 weeks postinoculation the chimera eventually provoked LSHR (Fig. 2) . This was associated with a C-to-U point mutation in P3 at nucleotide 2764 and changed the encoded amino acid from Ser to Leu. The severity of LSHR induced by pSMV-G7/pSMV-G7d was similar to that of pSMV-G7 (Fig. 2) , and its symptoms developed faster than those of LSHR induced by pSMV-G7. Among pSMV-G7-derived chimeric viruses, only pSMV-G7/ pSMV-G7d (2337-3784) failed to elicit LSHR. It induced a phenotype similar to that of pSMV-G7d, consisting of mosaic with no visible necrosis (Fig. 2) . Conversely, when nucleotides 2337 to 3784 of pSMV-G7d were replaced with the corresponding region of pSMV-G7, pSMV-G7d/pSMV-G7 (2337-3784) induced Rsv1-mediated LSHR instead of mosaic (Fig. 2) . The replacement of nucleotides 5793 to 9319 and 1 to 2337 of pSMV-G7d with those of pSMV-G7 did not enhance the ability of pSMV-G7d to elicit LSHR (Fig. 2) .
Strain-specific P3 of SMV-G7 is the elicitor of Rsv1-mediated LSHR. Analyses of the chimeric viruses on PI 96983 (Rsv1) showed that the loss and gain of elicitor function of SMV provoking Rsv1-mediated LSHR map to the KpnI/SalI fragments representing nucleotides 2337 to 3784 of the two genomes (Fig. 1) . This region of the SMV genome consists of the 3Ј end of the HC-Pro cistron (nucleotides 2337 to 2430), the full-length P3 cistron (2430 to 3623) that encodes amino acids 767 to 1165 of the polypeptide precursor (Fig. 3) , and the 5Ј end of the cytoplasmic inclusion cistron (nucleotides 3623 to 3784) (35) . The nucleotide sequences of both the 3Ј terminus of HC-Pro and the 5Ј terminus of the cytoplasmic inclusion cistron, corresponding to nucleotides 2337 to 2430 and 3623 to 3784, respectively, are identical between pSMV-G7 and pSMV-G7d (29) . Thus, the elicitor functions of pSMV-G7 provoking Rsv1-mediated LSHR map to P3. The P3 regions of pSMV-G7 and pSMV-G7d differ by six nucleotides, of which (29) . The four amino acid differences between P3 of pSMV-G7 and that of pSMV-G7d and their locations on the SMV polyprotein precursor are shown in Fig. 3 . Translationally silent mutations do not alter Rsv1-mediated elicitor function of P3. The nucleotides at positions 2501 and 2615, which are both translationally silent, differ between pSMV-G7 and pSMV-G7d (Fig. 3) . To examine if either of these two silent mutations is responsible for the loss of elicitor function of P3 of pSMV-G7d, the nucleotides corresponding to those of P3 of pSMV-G7 at these positions were incorporated into the P3 of pSMV-G7d by using primers G7-2507a and G7-2621a (Table 1) . When the two site-directed mutants were inoculated onto PI 96983 (Rsv1), both pSMV-G7d C2501U and pSMV-G7d C2615U , similarly to pSMV-G7d, failed to elicit Rsv1-mediated LSHR (data not shown). To examine the impact of silent point mutations on the elicitor function of P3 of pSMV-G7, we also introduced two silent mutations into its corresponding P3. The G at position 2600 of the genome of pSMV-G7 was targeted by using primers G7-2608a1 and G7-2608a2 (Table 1) . This is the third position in the codon ( 2998 GUG 2600 ), which codes for a valine, which is located at position 823 of the precursor polyprotein of pSMV-G7 (29) . The corresponding codon in the context of pSMV-G7d codes for a Met (Fig. 3) . However, both pSMV-G7 G2600A and pSMV-G7 G2600C retained their elicitor function when they were inoculated onto PI 96983 (Rsv1) and, like pSMV-G7, provoked Rsv1-mediated LSHR (data not shown). These observations suggest that translationally silent mutations in P3 of both pSMV-G7 and pSMV-G7d do not influence the loss or gain of Rsv1-mediated elicitor function of their respective P3 regions.
Amino acid substitutions affect the elicitor function of P3 provoking Rsv1-mediated LSHR. To assess which of the four amino acid differences between P3 of pSMV-G7 and P3 of pSMV-G7d (Fig. 3) plays a role in elicitation of Rsv1-mediated LSHR by pSMV-G7, each of the amino acids at positions 823, 915, and 953 was reciprocally replaced between the two viruses by site-directed mutagenesis. The replacement of the amino acid at position 1112 of precursor polyprotein was done by reciprocal exchanges of SpeI/SalI fragments (nucleotides 3236 to 3784) (Fig. 1) between the two viruses. This region of P3 differs between the two viruses by only one nucleotide at position 3466, which is responsible for the amino acid difference (Fig. 3) . To assess the additive effect of the amino acid changes at positions 823, 915, and 953 on the elicitor function of P3, two additional chimeras were constructed by reciprocal exchanges of the KpnI/SpeI fragment, which represents nucleotides 2337 to 3236 (Fig. 1) . The elicitor functions of all site-directed mutants were evaluated on PI 96983 (Rsv1) for both induction of Rsv1-mediated LSHR and up regulation of PR-1 protein gene transcript (Fig. 4 and 5) . Results showed that the reciprocal amino acid substitutions at position 915 did not influence the loss or gain of the elicitor function of P3, as the phenotype induced on PI 96983 (Rsv1) by both pSMV-G7 M915V and pSMV-G7d V915 M was similar to that for the parental viruses (Fig. 4 and 5) . Nevertheless, pSMV-G7d V915 M accumulated poorly in PI 96983 (Rsv1) leaf tissues compared to parental or other point mutant viruses (Fig. 5) . The pSMV-G7-derived point mutants with V823M, K953E, or A1112V lost the ability to elicit LSHR, but instead induced SHR, which was more pronounced on the second trifoliates (Fig. 4) . pSMV-G7 K953E accumulated poorly compared with parental or other pSMV-G7-derived point mutants (Fig. 5) . However, two concomitant amino acid substitutions at positions 823 and 953 abolished the elicitor function of P3 of pSMV-G7 provoking Rsv1-mediated SHR as well as its ability to up regulate PR-1 protein gene transcript (Fig. 4 and 5) . The chimera pSMV-G7/pSMVG7d (2337-3263) , which contains all three amino acid substitutions at positions 823, 915, and 953, also exhibited a similar (Fig. 4 and 5) . However, the other two pSMV-G7d-derived mutants, E953K and V1112A, induced SHR instead of mosaic (Fig. 4) . Surprisingly, the incorporation of two concomitant amino acid substitutions at positions 823 and 953 of P3 of pSMV-G7d delayed the full expression of LSHR about 2 weeks when inoculated on PI 96983 (Rsv1) (Fig. 4) . The chimera pSMV-G7d/pSMV-G7 (2337-3236) also displayed a phenotype similar to that of pSMV-G7 when it was inoculated on PI 96983 (Rsv1) (data not shown).
DISCUSSION
In this paper we exploited the differential interactions of pSMV-G7 and pSMV-G7d with Rsv1-genotype soybean and demonstrated that the loss or gain of Rsv1-mediated elicitor function provoking LSHR resides on P3. P3 is one of the least conserved regions among SMV strains (35) as well as among other potyviruses (67) . However, it is an essential protein for potyvirus replication (43) , and in a number of pathosystems involving potyviruses, it has been demonstrated that it is involved in pathogenicity as well (67) . It remains to be seen whether P3 of SMV is also involved in pathogenicity of the virus in soybean genotypes lacking Rsv1. In the case of the Turnip mosaic virus-Brassica pathosystem, strain-specific P3 of the virus has been identified as the virus elicitor for both TuRB03-and TuRB04-mediated resistance responses, and it has been proposed that it also plays a role in pathogenicity (36, 37) .
The impact of six nucleotide differences in the P3 regions of pSMV-G7 and pSMV-G7d on the elicitor function of each virus was examined by site-directed mutagenesis. Results showed that changes in the nucleotide sequences leading to silent mutations do not influence the loss or gain of the elicitor function of Rsv1-mediated LSHR. Silent mutations in the CP of strain-specific PVX also did not affect the sensitivity of the PVX to Rx-mediated resistance (26) . Thus, our results are consistent with the generally accepted view that a gene product, and not the gene nucleotide structure, is the elicitor of R-mediated defense responses (13, 25, 44) . This was confirmed by analyses of the site-directed mutants of both viruses containing mutations leading to amino acid changes (Fig. 4) .
Amino acid substitutions at position 915 of the protein precursor of both pSMV-G7 and pSMV-G7d, however, did not influence the elicitor function of Rsv1-mediated LSHR (Fig. 4  and 5 ). This was expected, because the amino acid at this position was identical between pSMV-G7 and the viral population from which pSMV-G7d was cloned, vSMV-G7d, and no phenotypic differences were observed between pSMV-G7d and vSMV-G7d when they were inoculated on PI 96983 (Rsv1) (29) . Hence, it is likely that this amino acid is not a part of the elicitor site.
The Ala/Val difference at position 1112 represents a conservative substitution, since both amino acids have small hydrophobic side chains, and hence, the impact on tertiary structure of P3 is predicted to be minimal. Indeed, in the context of pSMV-G7d, the amino acid substitution resulted in induction of a mild SHR (Fig. 4 and 5) . However, in the context of pSMV-G7, the substitution induced only Rsv1-mediated SHR rather than LSHR (Fig. 4) . On the other hand, the amino acids at position 953 (Lys/Glu) are both hydrophilic but oppositely charged, and if surface residues they may participate in protein-protein interactions. Thus, reciprocal substitutions at this position might be expected to disrupt the tertiary structure or affect the net charge of P3 more than would any other amino acid substitutions between the two viruses. The substitutions at this location did indeed affect the elicitor functions of both viruses (Fig. 4) but not to the extent of the exchange at position 823 (Val/Met and vice versa) (Fig. 4) . It is interesting that Val/Met exchanges at position 823 involve the same pair of amino acids as those at position 915 (Met to Val and vice versa), which resulted in no noticeable effect on the elicitor function ( Fig. 4 and 5) . Thus, it is likely that, within the tertiary structure of P3, the amino acid at position 823 participates in a site different from that of 915.
Concomitant substitutions at positions 823 and 953 showed that they have an additive effect on the loss of elicitor function of pSMV-G7 (Fig. 4) , which suggests that the two amino acids contribute independently to evasion of Rsv1-mediated recognition. A similar observation has been reported for NЈ-mediated recognition of strain-specific CP of TMV (62) . However, it is equally likely that they may contribute as a pair, where the sum of the two is more efficient than the individual residues. , and soybean 18S rRNA in soybean trifoliate leaves. Primary leaves of PI 96983 (Rsv1) were mechanically inoculated with buffer (mock) or infectious sap containing progenies of pSMV-G7 (G7), pSMV-G7d (G7d), or their derivative point mutants generated by site-directed mutagenesis. Following inoculation, plants were maintained in a growth chamber (20°C) until a leaflet from trifoliolates 3 and 4 of infected plants was collected about 6 weeks postinoculation. Samples from corresponding trifoliolate leaflets of four independent replicate plants were combined, total RNA was isolated and denatured, and 10 g was slot blotted onto a membrane and hybridized with 32 P-labeled cDNA probes.
The participation of multiple amino acids in Rsv1-mediated elicitor activity of P3 is not unique to Rsv1-SMV interactions. Tobacco mosaic virus (TMV) strain U1 gained elicitor function provoking NЈ-mediated HR following four different amino acid substitutions in its CP, and each mutant produced phenotypically distinct HR (14) . Furthermore, it has been shown elsewhere that at least four domains of the TMV replicase protein can induce full HR in N-carrying tobacco (2) .
All the substitutions in P3 of SMV-G7 leading to knockout of Rsv1-mediated LSHR are noncontiguous. Currently, there is no structural information available on P3 of SMV. Hence, their positions within the three-dimensional structure of P3 are unknown. It is possible that, similarly to CP of TMV (63) , all these amino acids are positioned on the same structural site, which is involved in elicitation of Rsv1-mediated LSHR.
The analyses of chimeras and the reciprocal point mutants reported here clearly show that the SMV elicitor functions of Rsv1-mediated LSHR reside on P3. However, it is not clear if P3 alone is the elicitor. Our data do not exclude the possibility that additional viral factors may be involved, as the mature P3 is produced following proteolytic processing of a polypeptide precursor (57) . Furthermore, it is not known at this stage whether the elicitor function of P3 is dependent on virus replication. However, for a number of other viruses, direct evidence has been presented that the transient expression of a single viral Avr gene in plant tissues harboring their matching R genes is sufficient for HR elicitation (1, 12, 22, 54 (23, 51) . Further research is needed to demonstrate analogy to strain-specific P3 of SMV.
The underlying mechanism by which pSMV-G7d, as well as the pSMV-G7 mutant containing two concomitant amino acid changes, evades Rsv1-mediated recognition remains to be elucidated. Such a mechanism may be passive or active. It has been proposed that TMV has evolved a unique aggregationassembly pattern that masks its elicitor active site from NЈ-mediated recognition machinery (63) . Thus, it utilizes a passive mechanism for evasion of NЈ-mediated recognition. P3 is a nonstructural protein of potyviruses; however, it has been shown that it interacts with other virus-encoded proteins in a yeast two-hybrid system (27, 49) or in infected cells (58) and possibly interacts with certain host factors during virus replication or movement as well. It is possible that pSMV-G7d evades Rsv1-mediated recognition by masking its elicitor site. However, other mechanisms such as changes in P3 localization site, enhancement or reduction in physical stability, and suppression of Rsv1-mediated defense responses cannot be excluded.
